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[57] ABSTRACT

Conductors for use with a guyed tower offshore plat-

il T - il

form and a method for installing the conductors on the
guyed tower. A conductor sleeve, e.g. a length of
heavy-walled casing, is secured in a retracted position
within at least the lowermost conductor guide of each
set of vertical aligned conductor guides on the guyed
tower. The guide sleeves are lowered with the guyed
tower as the guyed tower is installed on location in a
body of water. The sleeves are then released and are
driven or otherwise penetrated into marine bottom to a
depth equal to or preferably below the center of rota-
tion of the guide tower. A conductor is then passed
downward through its respective guides and guide
sleeve and is driven to refusal in the marine bottom. By
providing a heavy-wall sleeve which spans the interval
between the lowermost guide and the center of rotation,
any deflection in the conductor caused by the rotation

- of the guyed tower is spread over a greater length than

that which would normally occur in a conventionally
installed conductor, thereby insuring the conductor of
the present invention will stay within acceptable curva-
ture and stress limits required in normal drilling and/or
production operations.

‘8 Claims, 6 _Drawing Figures
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. 1

CONDUCTORS FOR A GUYED TOWER AND
METHOD FOR INSTALLING SAME

BACKGROUND OF THE INVENTION

The present invention relates to offshore structures
-and more particularly relates to a method and apparatus
of providing a *“‘guyed tower” offshore structure with
conductors which are capable of staying within accept-
able curvature limits when the longitudinal axis of said
guyed tower rotates from the vertical.

As the production of hydrocarbons from marine de-

posits moves into deeper and more hostile waters, the
problems associated with providing the offshore struc-
tures required for drilling and producing these hydro-
carbons obviously increase. Recently, various offshore

structures have been proposed as possible alternatives

for the commonly-known and widely used fixed plat-
form; especially in those offshore regions where the use
of a ﬁxed platform is technically and/or. economically
infeasible, e.g. extreme ‘water depths, hostlle surface
conditions, etc.

One such proposed structure is one which is com-
monly referred to as a “guyed tower” platform which is
‘basically a trussed structure having substantially uni-
form cross-sectional dimensions throughout 1its length.
Although other geometric configurations may be used,
the main truss of a typical guyed tower normally has

four equally spaced legs connected together primarily

with X-bracing members. The main truss of the tower
rests on the marine bottom and extends upward to a
point above the surface. A drilling/production deck is
‘affixed onto the top of the main truss above the normal
wave heights of the water body. The main truss is main-
tained in a substantially vertical position In the water by
means of a plurality of guylines which are positioned
symmetrically about the truss. For a more complete
- description of a typical guyed tower offshore structure,
reference i1s made to a paper “A New Deepwater Ofi-
~.shore Platform-—The Guyed Tower”, L. D. Finn.
Paper No. 0TC 2688, presented at the Offshore Tech-
nology Conference, Houston, Texas, May 3-6, 1976.

- In using a guyed tower such as described above to
drill and/or produce underwater formations, conductor
conduits will normally be run through guides on the
tower after the tower has been installed on location. As

understood in the art, these conductors extend from the

‘surface and are driven to refusal or otherwise pene-
trated to a desired depth in the marine bottom. A well is
then drilled and/or completed through each of these
conductors by techniques, e.g. directional drilling, well
known by those skilled in the art. |
Due to the inherent compliancy of the guyed tower,
the longitudinal axis of the guyed tower will tlt or
rotate from vertical whenever the tower experiences
certain surface conditions, e.g. high wave and wind
action. This tilting or rotation of the tower about its
“center of rotation” (to be defined below) can seriously
affect the conductors near the marine bottom if the
rotation exceeds certain, relatively small limits and the
center of rotation is below the depth of the competent
soils of the marine bottom. For example, analysis of a
typical guyed tower reveals that tower rotation of one-
and-a-half degrees from the vertical will cause excessive
well curvatures (i.e. in access of the accepted limit of 6

degree curvature per 100 feet) and conductor stresses in"

conventionally supported wall conductors if the center
of rotation of the tower is located at or below the depths
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of the competent soils of the marine bottom. “Compe-
tent soils” as used here is defined as those soils which
are sufficiently competent to resist any substantial lat-
eral movement of the conductors when the longitudinal
axis of the tower rotates from vertical. If the center of
rotation of the guyed tower 1s near or below the depth
of the competent soils, rotation of the tower will gener-
ate an undesirable S-shaped deflection in a convention-
ally installed well conductor in that interval of the con-
ductor which lies between the lowermost conductor
gutde on the tower and the competent soil levels. The
greater the depth of the center of rotation, the greater
the lateral movement of the tower at the marine bottom
will be, thereby causing higher conductor curvatures
and stresses.

Of course, in some instances, an extremely heavy and
rigid conduit, e.g. extremely thick-walled casing, can be
used to form the entire length of the conductor to pro-
vide additional strength in resisting bending thereby
reducing the conductor curvature and stress problems
developed by the rotation of the tower. However, in
addition to the obvious expense and handling problems

involved with installing the required lengths of such

heavy conduit, the weight of the conductor, itself, be-
comes a problem in that the vertical weight load on the
conductor may cause failure due to buckling or the like.

Therefore, this does not appear to be the solution
needed. |

SUMMARY OF THE INVENTION

The present invention provides well conductor con-
duits (commonly called “conductors”) for carrying out
drilling and/or production operations from a typical
guyed tower offshore structure which do not exceed
acceptable stress and curvature limitations (i.e. 6 de-
grees or less curvature per 100 feet) whenever the longi-
tudinal axis of said guyed tower rotates about a center
of rotation which lies below the depth of the competent
soils of the marine bottom and the method for installing
said conductors on said guide tower.

In accordance with the present invention, a conduc-
tor sleeve comprised of a heavy, thick-walled casing is
provided for each conductor at the lower end of the
guyed tower which, once in position and upon rotation
of the tower, serves as a laterally flexible substantially
smooth curved transition for the conductor between the
lowermost conductor guide on the guyed tower to a
depth in the marine bottom which is at or preferably
below the center of rotation. Since the conductor passes
through its respective sleeve and conforms substantially
to the curvature of the sleeve, any S-shaped deflection
of the conductor which normally occurs in this interval
of a conventionally installed conductor is eliminated or
at least is spread over a much greater length which
effectively reduces the maximum curvature. Also, by
following the smooth curvature of the heavy-walled
sleeve, the conductor stays well within the acceptable
stress and curvature limitations required for dnlhng
and/or production operations whenever the guyed
tower experiences rotation due to surface conditions.

More particularly, an individual conductor sleeve is
positioned within at least the lowermost conductor
guide of each set of vertically spaced conductor guides
on the main truss of the guyed tower. Each sleeve is
held in a retracted position by a releasable means on the
lowermost guide. The sleeves are lowered in their re-
tracted positions with the truss as the guyed tower is
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installed. After the guyed tower is installed, the sleeves

3

are released and driven or otherwise penetrated into the
marine bottom to a depth equal to or preferably greater
than the depth of the center of rotation of the guyed
tower. Conductors, as needed, are then lowered

through their upper conductor guides, through the

sleeves, and then driven to refusal or otherwise suffi-
ciently penetrated into the marine bottom to carry out
drilling and/or production operations from the guyed
tower. Each sleeve extends at least from above the
lowermost guide to a point at or preferably belcw the
center of rotation of the guide tower.

BRIEF DESCRIPTION OF THE DRAWINGS

The actual construction, operation, and the apparent
advantages of the invention will be better understood
by referring to the drawmgs in which like numerals
identify like parts and in which: -

FIG. 1 is a perspective view of a typical guide tower
In an operable pcsiticn at an offshore location having
conductors installed in accordance with the present
invention;

4

- means 22. As understood in the art, guyed lines 19 (e.g.
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10 to 20 in number) are arranged symmetrically around
truss 12 to maintain tower 10 in a substantially vertical
position in water 11 and to restore tower 10 to said
vertical position when surface actions causes the longi-
tudinal axis of guyed tower 10 to rotate therefrom.

In known guyed tower designs, a plurality of sets of
conductor guides 23 are affixed within truss 12. Each
set of conductor guides 23 is comprised of individual
guides which are spaced at vertical intervals along truss
12 and are positioned in a vertical line parallel with the
longitudinal axis of truss 12. An individual conductor
conduit is passed downward through each guide of its
respective set and is driven or otherwise penetrated to a

‘substantial depth in marine bottom 14. A well is then

drilled and/or completed through each set of conduc-

tors 23.

Referrlng now to FIG. 3, the effect which rotation of
guyed tower 10 has on a conventionally installed con-
ductor is schematically illustrated. The curvature and

- bending stresses on conductor (heavy line C) are af-

FIG. 2 1s a cross-sectional view taken alcng section

2—2 of FIG. 1;

FIG. 3 is a schematic view depicting the curvature
encountered by ccnventicnally installed conductor
when the longitudinal axis of a typical gulde tower
rotates about its center of rotation;

FIG. 4 is a partial view of the lower pcrtlcn of the-
guyed tower of FIG. 1 w1th the conductor sleeve in a

retracted p031t10n

FI1G. 3 1s a partial view of the lower portion of the
guyed tower of FIG. 1 with the conductor sleeve in an
operable position; and =

FI1G. 6 1s a sectional view of the lowermost conduc-
tor guide on the guyed tower of FIG. 1 illustrating a
releasable means for holding the conductor sleeve n a
retracted position.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring more particularly to the drawings, FIG. 1
discloses the basic configuration of a typical guyed

tower offshore structure 10 in position in a body of

water 11. Guyed tower 10, as shown, is comprised of a
main truss structure 12 which in turn is comprised of
four legs 15 (FIG. 2) connected together by conven-
tional X-bracing members 16. The bottom 13 of truss 12
rests on marine bottom 14 when guyed tower 10 is in an
operable position. Deck 15 is affixed to the top of truss
12 from which drilling and/or production operations
are carried out as understood in the art. Secured inter-
nally within truss 12 and extending throughout its
length are a plurality of pile guide conduits 17. Piles 18
extend through conduits 17 from deck 15 are driven or
otherwise penetrated into marine bottom 14 to a desired
anchoring depth. As known in the art, piles 18 are se-
cured to conduits 17 only at their respective upper ends
near or at deck 15 so that although piles 18 do anchor
truss 12 on location, guyed tower 10 still has a high
degree of compliance to compensate for the forces ex-
erted thereon by surface conditions.

Positioned around the perimeter of tower 10 are a
plurality of guyed lines 19 (only two shown) which are
attached at their upper ends to deck 15. Lines 19 extend
vertically downward over a respective fairlead 20, then
angularly (e.g. 60 degrees angle) downward to clump
weilght 21, and then along marine bottom 14 to anchor
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fected by the following parameters: (1) depth of the

center of rotation R of guyed tower 10, (2) magnitude of
rotation (angle a); and (3) the spacing between the.
lowermost conductor guides 23a, 234 and marine bot-
tom 14. Of these parameters, the relative p031t1c-n of the
center of rotation R is considered to be the most impor-
tant. The center of rotation R is defined as that point
about which the longitudinal axis of guyed tower 10
rotates when surface conditions cause lateral movement
of the upper portion of guyed tower 10. Analysis indi-
cates that even if angle o is as small as one-and-a-half

~ degrees, excessive curvatures and stresses will develop
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in conventionally supported conductor C if the center
of rotation R is at or below the depth D of laterally
competent soils which is that depth below which the

‘soils prevent any significant lateral movement of con-

ductor C upon rotation of guyed tower 10. It can be
seen that if conductor C is restrained from lateral move-
ment at D, conductor C acts as a “pinned beam” be-

- tween the center of rotation and guides 234, 23b. This
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causes conductor C to experience an S-shaped deflec-
tion (as shown by Ci) between depth D and the lower
guides 23a, 23b. Since such curvature is considered
unacceptable in most drilling and/or production opera-
tions, it can be seen that conventionally installed con-
ductors will experience severe problems when used
with a guyed tower. | |

In accordance with the present invention, a stiff,
heavy wall conductor sleeve 30 (e.g. 30 inch O.D. cas-
ing having 1} to 2 inch wall thickness) is positioned

within one or more of the lowermost conductor guides

23 on truss 12. As shown, conductor sleeve 30 is posi-
tioned through two guides 23a, 23b, although in some
instances it may only be necessary to use the lowermost
guide 23z while in other instances more than two guides
may be used. Further, although only one conductor
sleeve 30 is illustrated, it should be understood that an
individual conductor sleeve 30 will be installed in the
lowermost guides of each set of conductor gu1des 23 1n
the saine manner as described. |

Sleeve 30 which is funneled at 1ts upper end 30a is
originally positioned in guides 23a, 23b in a retracted
position so the lower end of sleeve 30 is aubstantlally
adjacent the bottom 13 of truss 12. The length of sleeve
30 is such that sleeve 30, when in its retracted position,

‘will extend upward from guide 235 for a distance
‘greater than that distance r from marine bottom 14 to
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the center of rotation R (FIG. 4). Sleeve 30 is held in
“this retracted position by a releasable means 31 on either

‘or both conductor guides 23a, 23b. As shown in FIG. 5,
releasable means 31 is comprised of one or more shear

‘pins (only one shown) but it should be understood that
‘other means, e.g. hydraulic-actuated sleeves, collets,
pins, or the like, can be used equally well. |

All conductors sleeves 30 are positioned and secured
in their respective guides and are lowered with truss 12
when guyed tower 10 is installed. A driving string (not
shown) is then lowered and attached to the top of sleeve
30. Sleeves 30 are then released by releasing means 31

(e.g shearlng the shear pins or hydraulically retracting
the latch pins or the like) and are driven or otherwise

10

6

to 45 feet below the éenter of rotation, the length of
sleeve 30 would be 335 feet plus 5 feet to insure the

‘upper end 30a was not in'contact with guide 235 or 340

feet overall. If sleeve 30 comprises a 30 inch, O.D.

casing having a two inch wall thickness, it increases the
allowable distance from the center of rotation R to the
lowermost guide 23a to 240 feet. Either of the sleeves of
this example would maintain the curvature and stresses
of conductor 32 well within acceptable limits, i.e. 6
degrees curvature per 100 feet. If sleeve 30 is pushed or
driven to a depth below the center of rotation and the

'souls above this depth provide negligible lateral support

- for sleeve 30, the curvatures experienced by the con-

penetrated to depth equal to or greater than the depth of 15

the center of rotation R (FIG. 4). The driving string is

then released from sleeve 30 and retrieved. The length

of sleeve 30 is such that when it is driven to an operable
position, its upper end 30z will not contact guide 235
but will be slightly above same. This allows sleeve 30 to
be “free-standing” in relation to truss 12 and adds addi-
tional compliance to the conductors by providing lim-
ited, slidable movement of sleeve 30 within guides 23a,
- 23b whenever rotation of guyed tower 10 occurs.

An individual conductor 32 (e.g. 24 inch O.D.) is run

'downi_varcl from deck 15 through its respective set of

. conductor guides 23 as the conductor is needed.
It i1s understood that the internal diameters of guides

-~ 23 will be less than the internal diameters of lowermost

guides 23a, 23b. As it passes-downward, conductor 24
~enters funneled end 30a of conductor sleeve 30, passes
through sleeve 30, and is driven to refusal or otherwise
‘penetrated into marine bottom to the depth necessary to

carry out the desired drllhng and/or completion opera-

t10nSs.

As explamed above, sleeve 30 when in an operable
position will extend from above the lowermost guides
23a, 23bontruss 12to a pmnt at or preferably below the
center of rotation R. Of course the center of rotation R
will vary depending on the actual parameters (e.g. soil
competency conditions of marine bottom 14, geometry
of tower 10, rigidity of plles 18, etc.) involved in each
guyed tower installed and will need to be determined
after the particular parameters are known. Once the
center of rotation R is determined and the strength
characteristics of sleeve 30. are known (e.g. diameter,
~wall thickness, etc.) by using standard deflection and
beam deflection calculations, the distance between the
center of rotation R and the height H (FIG. 3) of lower-
most guide 23a on truss 12 can be determined which is
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‘necessary to insure that sleeve 30 will stay with accept-

able curvature limits when guyed tower 10 rotates

about center of rotation R. The length of sleeve 30
would then be this length plus (1) the distance between
guide 23a and 23b; (2) additional length (e.g. 5 feet) to
insure end 30a will still lie above and out of contact
with guide 23b; and (3) any additional length needed if
sleeve 30 is to be driven below the center of rotation 30.

To further illustrate the present invention, beam de-
- flection calculations were made for a 24-well, 1500 foot
typical guyed tower having four legs sp'aced 100 feet
apart. The center of rotation R was assumed to be 30
feet below marine bottom 14. If sleeve 30 comprises a 30
inch, O.D. casing having a one-and-a-half inch wall
‘thickness, the lowermost guide 23a would be positioned
200 feet above the center of rotation or 170 feet from
the bottom 13 of truss 12. Guide 235 would be spaced 60
feet from guide 23a. If it were desired to drive sleeve 30

>3
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~ductors upon rotation of tower 10 will be even further

reduced.
By providing heavy-walled sleeves 30 as described

- above which can span great unsupported lengths, it can

be seen that the curvature is limited to acceptable levels
because the distortion or deflection is spread over a
much greater length than possible with conventionally
installed conductors. Upon rotation, sleeves 30 assume a
low, substantially smooth curvature deflection well
within acceptable limits for drilling and/or productions
operations. Since sleeves 30 act as guides for the lighter
conductors, the conductors will also only experience
the same smooth curvature as do their respective
sleeves, thereby spreading the S-shaped deflection in
the conductors over a much greater distance and insur-

ing that the conductors will stay within the acceptable
curvature limits.

I claim: .

1. A method of 1nstalhng at least one conductor for
conducting drilling and/or production operations from
a guyed tower offshore structure of the type having a
main truss of substantially uniform cross-section

throughout its length which is normally maintained in a

vertical position within a body of water by a plurality of
guylines, each connected at one end to the upper end of
said main truss at points spaced about the periphery
thereof and anchored at the other end thereof to the
marine bottom, said main truss having at least one set of
vertical spaced and aligned conductor guides thereon,
sald method comprising:

passing a conductor sleeve having a length less than

~ the length of said main truss through at least the

lowermost of said conductor guides and penetrat-
ing said conductor into the marine bottom on

- which said guyed tower offshore structure is posi-

- tioned, said conductor sleeve, when in position,

extending from above said at least lowermost con-
ductor guide to a depth in said marine bottom at
least equal to the depth of the center of rotation of
sald guyed tower.

2. A method of installing at least one conductor for
conducting drilling and/or production operations from
a guyed tower offshore structure of the type having a
main truss of substantially uniform cross-section
throughout its length which is normally maintained in a
vertical position within a body of water by a plurality of
guylines, each connected at one end to the upper end of

sald main truss at points spaced about the periphery

thereof and anchored at the other end thereof to the
marine bottom, said main truss having at least one set of
vertical spaced and aligned conductor guides thereon,

saild method comprising;:
securing a conductor sleeve having a length less than
the length of said main truss in a retracted position
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o
within at least the lowermost of sald conductor

- guides; o | S

'mstallmg said guyed tower offshare structure onto a
marine bottom of a body of water, said conductor
sleeve being lowered in its retracted position with

said at least lowermost conductor gulde with said

main truss;

releasing said conductor sleeve from said at least
lowermost conductor guide; |

penetrating said conductor sleeve into- said mari_ne
bottom until said conductor sleeve extends from

~ above said at least lJowermost conductor guide to a
depth in said marine bottom at least equal to depth
of the center of rotation of the guyed tower off-
shore structure; and

passing a conductor through said set of conductor

guides, through said conductor sleeve, and to a

5

10

| 8 -
a conductor sleeve having a length less than the
- length of said main truss, and |
releasable means for securing said conductor sleeve in
~ aretracted position within at least the lowermost of
said conductor guides.

6. A guyed tower offshore structure of claim 5
wherein said conductor sleeve has a length necessary to
extend from above said at least lowermost conductor
guide to a depth in said marine bottom equal to at least
the depth of the center of rotation of said guyed tower

‘offshore when said conductor sleeve is released from

- said at least lowermost conductor guide and is placed in

15

depth in said marine bottom necessary for drilhing

and/or production operations.
3. The method of claim 2 wherein sald conductor

sleeve extends from above said at least lowermost con-

ductor guide to a depth in said marine bottom below the
depth of the center of rotatlon of said guyed tower
oftshore structure. | .

4. The method of claim 2 wherein said conductor
sleeve extends from above the second lowermost of said
conductor guides to a depth in said marine bottom equal
to at least the depths of the center of rotation of said
 guyed tower offshore structure.

‘5. A guyed tower offshore structure for drilling and-

- Jor productlon operations comprising:
a main truss having a substantially uniform cross-sec-
tion throughout its length resting. on a marine bot-

tom of a body of water; |
guylmes extending from sald main truss to said ma-
‘rine bottom for normally maintaining said main
truss in a vertical position in said body of water;
at least one set of vertlcally spaced and allgned con-
ductor gmdes on said main truss;
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an operable position.
7. A guyed tower offshore structure for drlllmg and-
/or productlon operations comprising: |
a main truss having a substantially uniform cross-sec-
~ tion throughout its length resting on the marine
bottom of a body of water;
guylines extending from said main truss to said ma-
rine bottom for normally maintaining said main
truss in a vertical position in said body of water;
at least one set of vertically spaced and aligned con-
ductor guides on said main truss;
a conductor sleeve having a length less than the
~ length of said main truss. extending from above at
- least the lowermost conductor guide to a depth in
said marine bottom equal to at least the depth of the
~ center of rotation of the guyed tower offshore
structure; and
a conductor extending from the top of said main truss,
through said set of conductor guides, through said

- conductor sleeve, and to a depth in said marine
- bottom necessary for drilling and/or production

operation.
8. The guyed tower offshore structure of claim 7
wherein said conductor sleeve comprises:
 acasing having a wall thickness greater than the wall

thickness of said conductor.
' * L * % *
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